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INTRODUCTION
Sorghum grain ( Sorghum vuh;are) is an important feedstuff, particularly in
the central and southern plains area of the United States. Because of its
drought resistance, sorghum is better adapted climatically than com. In dry
yews sorghum produces more grain than corn. The nutritive value of sorghum
compares favorably with that of corn.
Sorghum grain is usually fed in ground or cracked form to dairy cows both
in lactation and during dry periods. Recent studies with cattle and sheep
neve shew that feeding heatod grain results in increased body weight gain and
feed efficiency. Since one of the objectives of the dry period is the prepa-
ration of the cow for the next lactation, a ration that produces the greatest
body weight gain is highly desirable. The effect of feeding heated miio on the
efficiency of gain in body weight of dairy cove has net been reported previously.
This experiment wee conducted to compare steamed sorghum grain with cold-
cracked sorghum grain es concentrate feeds for dairy cows during the dry period.
REVIEW OF LITERATURE
Steam processed gains . Some methods of feed processing change not only
the texture but also the chemical nature of grains. These changes include
starch hydrolysis and denaturation of proteins. Stearned-rolled and flaked are
two terms used to describe a common process by which grain is heat processed.
Hastings and Miller (1961) compared different forms of corn and sorghum
grains — roll-cracked, haramermi 11-ground, steam-crimped, and pelleted (3/16
Inches in diameter) — in vitro and found that the steam-crimped grains con-
tained the least amounts of total solubles, reducing sugars, soluble starch,
and soluble protein. However, Salsbury et al. (1961) reported that starch
2subjected to dry heat was digested more rapidly in vitro than untreated
starch, and that moist heat caused hydration of the starch. Also, hydrated
starch was digested more rapidly by rumen microorganisms than untreated
starch.
Shaw et al. (1960) found that dairy steers digested more crude protein
and dry matter in a flaked corn-pelleted hay ration than in a ground corn-
chopped hay ration. Fisher et al. (1957), working with sheep, reported that
the greater total digestible nutrient content of the flaked corn ration was
due primarily to an Increase in the coefficients of digestibility of nitrogen
free extract and fat and to a slight but significant increase in protein
digestibility.
Effect on volatile fatty acids . It is recognized that the molar propor-
tion of VFA produced by the microbial population in the rumen may be altered
appreciably by various dietary regimes • A large proportion of the carbohy-
drates ingested by ruminants is converted to acetic, propionic and butyric
acids (Edwards, 1953). Shaw et al. (1937) and (1959) noted that cooked
rations made up primarily of bread and molasses or of bread, cooked polished
rice, cooked potato meal, and molasses caused decreases in acetic acid and
increases in the molar proportions of propionic acid and of the valeric and
higher acid fraction. Balch and Rowland (1957) reported low levels of acetic
acid and high levels of propionic and higher acids in the rumen liquid of
cows whose ration wee predominantly flaked corn. Similar results were
obtained by Ensor et al. (1959) with dairy steers and lactatlng cows,
Eusebio et al. (1959) with dairy cows, and Shaw et al. (1960).
Masson (1951), Phillipson (1952), and Newland et al. (1960) observed that
heat processed corn significantly decreased the acetic acid and increased the
propionic acid in the rumen fluid of sheep.
Eusebio et al. (1939) found that heating corn in the process of flaking
resulted in a decrease of approximately 407. in the molar proportions of
butyric acid and a much larger increase in the molar proportion of the C6 and
higher acids* This increase in the higher acids was noted earlier by
Shaw et al* (1937) with rations containing a large proportion of cooked
starch, and by Balch and Rowland (1937) with flaked corn rations. Gray and
Pilgrim (1952) suggested that part of the butyric acid may be derived from
the protein fraction of the roughage* Hentges et al. (1961) reported that the
increase in propionic add production with flaked corn rations was observed
only in the sample taken 3 hr after feeding.
Effect on rumen microflora and microfauna * leffei et al. (1956) reported
that when the ration of cows is changed sufficiently to effect a marked change
in the molar porportion of volatile fatty acids (VFA) in the rumen, this
change is accompanied by a marked change in rumen microbial metabolism. This
hr.z been confirm;', If lihnv ct nl. (1057), nalch ct al . (1955a) , mi
Eusebio et al. (1959). Masson (1950) observed that when sheep were fed a
large proportion of flaked corn, protozoa and yeeeta were absent and Gram-
positive spore forming rods were predominant. The same author (1951) also
found that whereas a microbial population of cocci is primarily responsible
for the breakdown of ground corn in the rumen of sheep. Clostrl dlum butyri cur,
and laetobacilli predominate in the rumen if the diet contains flaked corn.
Effect on body gains . Some disagreement concerning the effect of heated
grain on body weight gain exists in the literature. Ensor et al. (1959)
reported that steers fed steam-heated corn gained 0.5 lb per day more than
those fed ground com. Shaw et al. (1960) obtained 227. more gain in body
weight with flaked corn than with ground corn. Amett and Bradley (1960)
obtained 21 .OX more gain with cooked grain. Williamson et al. (1961) fed
steers pelleted barley and steam-rolled barley with equal results. iiowever,
they reported more efficient utilization of the pelleted ration. Boren et al.
(1962) reported that there was no significant difference in gains made by
yearling heifers fed dry-rolled and steam-rolled sorghum grain.
Newland et al. (I960) found that steers gained slower when fed flaked
corn than ground corn (2.03 and 2.29 lb/day, respectively). However, due to
considerable variation within each lot, the difference was not statistically
significant. The sane group (1961) compared ground corn, pelleted corn,
flaked com, crumbled corn and a commercially heat-treated corn, and found no
significant differences due to treatments in weight gains of lambs.
Effect on feed efficiency . It has been reported that the efficiency of
gains in steers can be controlled to a remarkable extent by manipulating the
ruminal production of VFA. toaor et al. (1959) obtained better daily gains
with steers fed steam-heated corn than with ground corn. Hentges et al
.
(1961), working with yearling steers, found that the feed efficiencies
(lb moisture-free ration per lb gain) for flaked and ground corn were 7.5 and
8.3, respectively. Shaw et al. (1960) found that Holstein steer calves fed
flaked corn used their feed 15.37L more efficiently than those fed ground
corn. Arnett and Bradley (1960) compared flaked corn with ground corn for
yearling steers and found a 12.67. better feed efficiency with the flaked
corn. Newland et al. (I960) stated that even after their figurea were cor-
rected for moisture content the feed efficiency of the steers fed flaked corn
was notably better than that of those fed ground corn. This group (1961) also
found that lambs reacted similarly. However, Williamson et al. (1961) found
that steers made sore efficient use of pelleted barley than of steam-rolled
barley.
Effect on milk composition . It la widely accepted that a decrease in the
proportion of acetic acid and an increase in propionic acid in the rumen
t
fluid is accompanied by a decrease in milk fat percentage. Popjak et al.
(1951), using labeled carbon, found that acetate is rapidly utilized for the
synthesis of fatty acids. Shaw et al. (1957, 1959) found that a ration
composed primarily of bread caused a decrease of more than 30X in the fat con-
tent of milk. Balch et al. (1954, 1955) observed a similar decrease in milk
fat as a result of feeding a concentrate ration containing 501 flaked com.
They steted that this decline in milk fat percentage was accompanied by an
average increase of 0.43% in solids-not-fat content of the milk. This increase
wee due entirely to en increase in milk protein. Rook (1959) stated that
propionic acid may have a epeciflc role in the synthesis of milk protein*
However, Balch et al. (1955a) found that a ration containing flaked corn
caused a marked decrease in the fat content of milk and less yield of milk but
no difference in soli ds-not- fat percentage.
Rook and Balch (1961) found in three experiments with lactating Holsteln
cows that the infusion of acetic acid into the rumen through a fistula con-
sistently produced increase* in the yields of milk, fat, lactose and protein.
Supplements of propionic acid had no effect on the yield of milk, but de-
creased the yield and percentage of fat and increased the percentages and
yielde of protein and soli ds-not- fat. Storry and Rook (1961) stated that
acetic acid increased the synthesis of fat, lactose and protein. Propionic
acid decreased the synthesis of fat and increased thet of protein.
Fountaine (1961) found no significant differences in total yields of
milk, fat, soli ds-not- fat, and protein between cows fed steamed-rolled milo
and those fed pelleted milo.
Udder edema . The literature is in agreement on the results of rations
varying in quality and quantity on udder edema. Wise et al. (1946) reported
no significant difference in incidence of edema between groups of cove fed low
and high levels of protein. Severity of the edema was more pronounced in
heifers than in older cows. Parrlsh et el. (1946), Shaw end Leffel (1949),
and Fountolne et al. (1949) reported no significant difference in the inci-
dence and severity of mammary edema end udder congest! oj of cows fed roughage
alone as compared to roughage and grain during the dry period. The above
results have been corroborated by Greenhalgh and Gardner (1958) who fed up to
12 lb of grain daily. They also reported that heifers shewed more edema at
calving than did older cows. Leffel and Shew (1957) fed 1707. of the main*
tenance requirements for TDN for a period of 60 deye prepartum and also had
no significant difference in incidence of edema. Hathaway et al. (1957) fed
up to 14 lb of grain per day for 2 weeks prepartum with no difference in
incidence of edema. Schmidt and Schultz (1959), who fed up to IS lb of
concentrate daily during 8 weeks of dry period, reported that udder edema was
significantly correlated with milk production, but not with body condition
at calving time. Hemicen et al. (1960), who fed up to 18 lb of concentrate
daily for 40 to 50 days prior to calving, also found a higher incidence of
edema for first calf heifers than for older cows.
EXPERIMENTAL PROCEDURE
Twenty-six cows — eighteen Hoi steins, four Jerseys, and four Ayrshires —
all in their second or later pregnancies, were paired according to breed,
lactation number, and expected calving date. The pairs were assigned to two
treatments, a) cracked sorghum grain and alfalfa hay, b) steamed sorghum grain
and alfalfa hay, one pair mate to each treatment. Effects of these rations on
body weight gains, incidence of udder edema, proportions of VFA in the rumen
fluid, colostrum production and composition, end milk production and composition
were observed.
7The steamed, crimped sorghum grain was prepared by steaming to 200°F and
crimping with rolls spaced 0.005 in. apart. The roll-cracked sorghum grain
was prepared with rolls spaced 0.02 in. apart. To both preparations IX
salt was added. Salt was also available in block form free choice. Water
was available in stall cups. Good quality chopped sun-cured alfalfa hay was
fed.
The cows were started on experiment 60 days before the expected calving
date, and continued for 30 days after calving. They were weighed before
feeding in the morning for two consecutive days, and on a third day if
weights on the two days varied more than 20 lb. The cows were weighed at the
beginning of the experiment, at 14 day intervals thereafter until freshening,
and once each week thereafter. The difference in body weight changes was
divided into three periods: dry, calving, and lactation. The dry period
covered that time between when the cow was started on the experiment until
freshening. Calving time was referred as that period in which the difference
in body weight before calving and after calving took place. The lactation
period covered those body weight changes occurred after calving until the cow
was taken out of the experiment. They were confined to stanchions except for
short periods in the morning, when they were allowed exercise in a vegetation-
free open pen.
Two or three days before the estimated time of calving each cow was moved
into a maternity stall. If the cow was expected to calve during the night,
an udder cover was fitted in the evening to prevent the calf from nursing.
The cows were milked by machine twice daily and milk yields were recorded to
the nearest 0.1 lb. Milk production records were kept for the first 30 days
of lactation, beginning immediately after calving.
During the dry period, hay was fed at the rate of 1.5 lb/cwt and grain
30.8 lb/cwt. Cows were fed hay and their respective grain ration for 6 days
after calving according to the schedule in table 1.
Table &• Feed allowed first six days after calving
Holsteins and Ayrshires : Jerseys
Day after :
calvine i Concentrate ; Hay ; Concentrate : Hay
* m © JXb) atr~
1 5 10 3.8 7.5
2 10 20 7.6 15.0
3 12 20 9.0 15.0
4 15 ad libitum 11.3 ad libitum
5 18 13.5 ad libitum
6 20 ad libitum 15.0 ad libitum
Starting the seventh day postpartum all cows were fed alfalfa hay and
cracked sorghum grain. Milk production determined the amount of cracked
sorghum grain fed — 0.5 lb/lb milk above 20 lb for Holsteins and Ayrshires;
and 0.7 lb/lb milk above 14 lb for Jerseys. Hay was offered ad libitum .
Refused feed was weighed back in the afternoon and was subtracted from feed
offered to determine feed intake. The amount to be fed for the next 24 hr
period was based on consumption for the previous day. The total amount to be
fed each day was divided into approximately equal amounts for two feedings.
Rumen fluid samples . Samples of rumen fluid were taken at the beginning
of the experiment and on the day following calving, using a stomach tube and
vacuum pump. The samples were frozen until analyzed.
The rumen fluid was analyzed quantitatively in duplicate for acetic,
propionic, butyric acids, and valeric and higher acid fraction by the Keeney
method (1955), with the following modifications: rumen fluid sample of
5 cc, 0.75% butyl alcohol in hexane instead of IX; bands separated visually
rather than by solvent volume.
Udder observations . The degrees of edema and congestion were determined
twice weekly by observation and palpation.
After calving . The calves were not allowed to nurse. The mammary
secretions were withdrawn aa completely as possibly by milking machine. The
first milking was performed aa soon aa possible after parturition, usually
within one hour. The total mammary secretion removed at each milking was
weighed, mixed and sampled. Colostrum from the first 2 milkinga was
analyzed separately. Samples taken on the third and fourth, seventh and
eighth, thirteenth and fourteenth, and twenty-seventh and twenty-eighth
milkinga ware composited according to yield. Total protein, albumin and
globulin, casein, non-protein nitrogen, moisture, milk fat, and ash vara deter-
mined on these daily samples. These analyses ware made in the laboratories of
the Department of Biochemistry with the exception of that for milk fat.
Analytical methods . Milk fat was determined by the Qabcock method.
Total solids were determined by the method described by Parrish et al. (1950).
Total protein was determined by Rowland* s method (1938), modified by the use
of the macro Kjaidahl procedure. The albumin-globulin nitrogen fraction was
computed by substracting the values for non-protein nitrogen from those of non-
casein nitrogen (Parrish et al., 1950). Ash was determined by evaporating S
to 10 g of sample to dryness in a porcelain dish and heating overnight at a
temperature of 530° C. Lactose was determined by difference.
The pair differences were analysed statistically by the Ht" teet
(Snedecor 1956)
.
RESULTS AND DISCUSSION
Description of the individual cows used in the experiment is presented in
Table 2.
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Tabic 2. Composition of experimental groups.
Ration s
Low
Date
calved
Aft
at Calving
(no)(29)
sorghum grain
8/13/61 70103C H
179B H 8/ 9/61 79
167C H 8/30/61 38
362C J 9/26/61 45
224C A 9/ 9/61 39
170C I 9/28/61 37
139C 1 10/11/61 54
22 7C A 10/ 7/61 37
337C J 10/16/61 67
127C I 10/20/61 61
156C I 11/17/61 50
160C H 11/26/61 49
157C H 12/24/61 50
sorghum grain
8/ 4/61122C H 60
183B 1 8/24/61 79
177C H 9/ 1/61 34
354C J 9/24/61 51
11 A 10/ 3/61 72
171C
!
9/26/61 37
159B 10/24/61 97
223C A 11/18/61 42
360C J 11/18/61 49
145C a 11/22/61 53
176B 1 11/20/61 85
159C a 11/24/61 50
use H 12/15/61 54
The analyses of the feeds are shown in Table 3. The concentratee were
analyzed by the Department of Flour and Peed Milling Industries; and the
alfalfa hay by the Chemical Service Laboratory, Kansas State University.
Table 3. Chemical composition of feeds.
Moi sture s e./:;
9.2
8.8
13.3
2.3
Steamed sorghum grain
Cracked sorghum grain
Alfalfa hay
U)
13.0
12.4
10.8
11
Changes In body weight. Dody weight changes of cows during the expert,
ment arc summarised in Table 4. Data for individual cows are presented in
Table 12 in the Appendix.
Table 4. Body weight changes.
Dry period : Calvina i Lactation
mapr
Cracked sorghum grain +2.46 -167.9 -3.08
Steamod sorghum grain *2.22 -151.3 -2.94
Difference +0.24 - 16.6 -0.14
Standard error 0.38 18.3 0.73
In this experiment there was considerable variability between cows, due to
the difficulty to give the same length of dry period to all the cows. The
difference in weight at any of the three periods — dry, calving, and lacta-
tion — was not significant when steamed sorghum grain and alfalfa hay or
cracked sorghum grain and alfalfa hay were fed to dry cows at the ratio of
1.5 lb of alfalfa hay per one hundred pounds of body weight, and 0.8 lb of con-
centrate per one hundred pounds of body weight.
The results obtained are in disagreement with the findings of Snsor et al.
(1959) who obtained better gains with steam-heated corn, Shaw et al. (1960)
who obtained better gains with flaked corn, Amett and Bradley (I960) who
obtained more gain with cooked grain. However, they are in agreement with the
results of Newland et al. (I960, 1961) who tested flaked com and Boren et al.
(1962) who tested steam-rolled sorghum grain.
Proportions of VFA in the rumen fluid » The results for individual cows
are presented in Table 13 in the Appendix, and summarized in Table 5.
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Table 5. Volatile fatty acids in the rumen fluid.
t
:
Aceti c
acid
: Propionic l
I acid t
Butyri
c
acid
i » aiin c ame
thlgher acids
beginning
Cracked sorghum grain
Steamed sorghum grain
Difference
Standard error
V $ V QP
64.1
66.8
. /
1.4
18.1
15.9
* .*
0.9
13.4
12.5
n o
0.9
4.4
4.8
-0.4
0.6
After calving
Cracked sorghum grain
Steamed sorghum grain
Difference
Standard error
64.4
66.6
-2.2
1.7
17.0
17.0
0.0
0.7
14.4
12.2
2.2
1.1
4.3
4.2
0.1
0.5
*P<.05
The only statistically significant difference in the proportion of VFA
in the rumen fluid was st the beginning of the experiment. The propionic acid
fraction was greater in the cows on the group that was subsequently fed
cracked sorghum grain.
After calving, neither of the two forms of sorghum grain, steamed or
cracked, significantly altered the proportions of the acid fractions in the
rumen liquid. This is in disagreement with the results reported by Messon
(1951), Phillipaon (1952), and Newland et al. (1960) with heated com; Shaw
et al. (1957, 1959, 1960) with cooked rations of bread, polished rice,
potato meal, and flaked corn; and Balch and Rowland (1957), Ensor et al
.
(1959) and Lusebio et al. (1959) with flaked corn. Possible explanations for
this disagreement is that none of the previous experiments was conducted with
dry dairy cows, the great variation between cows in the same treatment, the
small number of rumen samples, and the relatively small proportion of acetic
acid in the rumen fluid at the start of the experiment.
Incidaiee of udder edema and udder congestion . The degree of udder edema
and udder congestion of cows on the two treatments are presented in Table 6.
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Tabic 6. Incidence of udder congestion and udder edema.
1 Before calving 1 After calving
WOW I weeks t
1 3 : 2 t 1 « 1 J 2 : 3 t A4
i ^.i C(.l I . l i i :J group
122C 8V o
1 til V n fV o A
177C nw Aw A
JJHv i AM W*S+ A
II CE+ o o
171C o C+E+ C*E*+ C+E+ C+E+ CE+
au o o Au K w» El\* ft*
nV o Lot 1 1 C+E+ £
JOUv Au o o A o n
1 ** -A- AU o o £ | o o
17fiB AU C++E+ C++E+ C++E*
AU o o f X. • JL C++E++ 1
A o o Au o
HPHI MM group
1 U -X- AV o o E+ A V i
i 70 ni #yo AV o o Au c* V
i o/v. Au It c* c o
JU4W AU A CE
224C C+E+ n A
170C C+E+ C+E+ n
139C C+E+ C+E+ CE* i
227C C C+E+ CE
337C
127C C+E C+E+ CE CE
156C £ 1
160C C+E* C+E+
157C I CE+ C+B+ CE
C Congestion
c or E « Soae
C* or E* • Moderate
C++ or S++ - Extreme
The incidence of udder edeas end congestion did not vary significantly
between the cracked sorghum grain or steamed sorghum grain fed groups. This is
in agreement with the findings of Parrish et al. (1948). Shaw and Leffel (1949).
and Fountains et al. (1949) who fed grain during the dry period; Wise et al.
(1946) who fed high and lev levels of protein during the dry period; Leffel and
Shaw (1957), Greenhalgh and Gardner (1958), Hathaway et al. (1957), Schmidt
14
and Schultz (1939), and Henken et al. (1960) who fed high levels of grain
during the dry period*
Colostrum composition . The effect of the two treatments on the production
and composition of colostrum with regard to total solids, milk fat, solids-not-
fat, total protein, casein, albumin-globulin, non-protein nitrogen, ash and
lactose are shown in Table 14 in the Appendix. The averages are presented in
Table 7.
Cows fed cracked sorghum grain produced significantly less (P<".05) ash
in colostrum the first day and significatively more ash and casein the second
day than did cows fed steamed sorghum grain.
The two concentrate rations did not significantly differ the composition
of colostrum with regards to the amount of total solids, milk fat, solids-not-
fat, total protein, albumin-globulin, non-protein nitrogen, end lactose* Neither
was the amount of colostrum produced significantly different.
Milk composition . Considerable variation was found In the composition of
milk samples taken on the fourth, seventh, and fourteenth days within animals
in the same group and between groups. The data are summarised in Teblee 8 and
9. Information for individual cows is presented in Table IS in the Appendix.
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Mere solids-not-fat and ash vera produced on the fourteenth day by the
cows conditioned with the cracked sorghum grain* No other significant
difference was observed*
The results obtained are in disagreement with those previously reported
that heated rations decrease the percentage of milk fat as stated by Shaw et al.
(1937, 1959) with ration composed primarily of bread, and Batch at al. (1954,
1955) with ration containing flaked corn and increase the percentage of
solids-not-fat (Balch et al. 1954). The results obtained in thia experiment
may be due to the fact that after the sixth day of lactation all cows were fed
the same kind of grain and previously hay was fed fairly liberally.
Milk yield . The actual milk production waa converted to 4% fat corrected
milk using the Gaines (1928) formula, 4X FCM • 0.4 Milk IS Fat. The results
for individual cows are shown in Table 16 in the Appendix. The average
production of 4% FCM for the groups is presented in Table 10.
Table 10. Milk yield of experimental groups.
: Days ia rt
Cracked milo group 9 (lb)191 ..
Steamed milo group 27 1523.2
Difference 73.3
Standard error 78.7
The differences due to treatments were not statistically significant.
The average daily milk production, 4% FCM, for the cows that received cracked
sorghum grain during the dry period waa 59.1 lb and for the group that
received steamed sorghum grain was 56.4 lb. Apparently the difference in
ration during the dry and calving periods did not affect subsequent pro-
duction.
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Feed consumption. Data regarding tha effect of the cracked and heated
sorghum grain on the amount of hay refused during the dry period and on the
consumption of alfalfa hay during lactation are shown in table 17 in the
Appendix and are summarized in Table 11
•
Table 11* Feed consumption.
» Dry period (30 days) t Lactation (30 days)
I t Kay : Rolled J
t Grain t Consumed t Refused : Grain : Hay
( lb/day ) (lb/day) ( lb/ day ) (lb/day) (lb/day)
Cracked mllo group 10.95 13.92 1.62 13.37 22.12
Steamed milo group 10.58 18.41 1.48 17.34 22.68
Difference 0.37 0.51 0.14 1.03 -0.56
Standard error 0.38 0.58 0.56 0.97 1.21
The average daily differences in the pounds of grain consumed, hay fed
and refused during the dry period, and the amount of grain and hay consumed
during the lactation, were not statistically significant between treatments.
SUMMARY
An experiment was conducted to study the body gains during the dry period
whan cracked sorghum grain and alfalfa hay or steamed sorghum grain and alfalfa
hay were fed in the ratios of 0.8 lb grain to 1.5 lb hay per hundred pounds of
body weight, respectively.
Twenty-six cows of three breads were paired and assigned to two groups of
thirteen cows each. Effects on VFA, composition and production of colostrum
and milk for the first 30 days of lactation, incidence of udder edema and/or
congestion, body weight changes, and feed consumption were studied.
Neither body weight gaina during the dry period, weight loss at calving
time, nor loss during the first 30 days of lactation varied significantly
between treatments.
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No consistent statistically significant differences were found in
colostrum and milk production, and production of the components, total solids,
milk fat, solids-not-fat, total protein, casein, albumin-globulin, non-
protein nitrogen, ash, and lactose. Cows fed cracked sorghum grain pro-
duced significatively less (P<*05) ash in colostrum the first day and slgnlfi-
catively more ash and casein the second day and also statistically significant
more ash and soiids-not-fat on the fourteenth day than did cows fed steamed
sorghum grain during the dry period.
The proportion of VFA in the rumen fluid, feed consumption during the dry
and lactation periods, and incidence of udder congestion and/or edema did not
differ significantly between treatments
•
From these results it may be concluded that no extra benefit la derived
from steaming sorghum grain over cracked sorghum grain for feeding dairy cows
during the dry period.
ACKNOHLEDGMENTS
The writer wishes to express his sincere appreciation to the late
Dr. Fr C. Fountaine, Department of Dairy Science, for his guidance,
suggestions during this study, and innumerable helpful suggestions
throughout graduate work. To Dr. George M. Ward of the Department of
Dairy Science for his guidance, assistance and constructive criticism
throughout the experiment and the preparation of this thesis* To
Dr. C. L. Norton, Head, Department of Dairy Science for the critical reading
of this manuscript.
Sincere appreciation is also expressed to Dr. D. B. Parrish and
Mrs. Eleanor Hung, of the Department of Biochemistry, for the analysis of
the colostrum and milk samples and the personnel employed at the dairy barn
for handling the daily routine.
Sincere appreciation is also expressed to my wife, Elizabeth, for her
interest and contributions in the preparation of this thesis.
21
LITERATURE CITED
Arnett, and N. W. Bradley. 1960.
Pelleted, flaked and ground corn and pelleted distillers dried grains with
solubles for finishing beef steers in dry lot. 1960 Livestock field day
report. Univ. of Ky. p 7-9.
Belch, C. C, D. A. Belch, S. Bertlett, V. W. Johnson, S. J. Rowland and
J. Turner. 1954.
Studies of the secretion of milk of low fat content by cows on diets low
in hay and high in concentrates. IV. The effect of variations in the
intake of digestible nutrients. J. Dairy Res. 21x305-317.
Belch, C. C, D. A. Belch, S. Bertlett, M. Patricia Bartrum, V. W. Johnson,
S. J. Rowland end J. Turner. 1955.
Studies of the secretion of milk of low fat content by cows on diets low
in hey and high in concentrates. VI. The effect of the physical and
biochemical processes on the reticulo rumen. J. Dairy Ree. 22 x 270-289,
Balch, C. C, D. A. Belch, S. Bertlett, Z. D, Hosking, V. W. Johnson, S. J.
Rowland and J. Turner. 1955a.
Studies of the secretion of milk of low fat content by cows on diets low
in hay and high in concentrates. V. The importance of the type of starch
in the concentrates. J. Delry Res. 22t 10-15.
Balch, 0. A., and S. J. Rowland. 1957.
Volatile fatty acids and lactic acid in the rumen of dairy cows receiving
a variety of diets. British J. Nutr. lit 288-298.
Boren, F. W., E. F. Smith, D. Richerdson, R. F. Cox and D. Foilis. 1962.
The effects of added protein to dry rolled and steam rolled sorghum greln
fattening rations. 49th livestock feeders* day. Kans. Agr. Expt. Sta.
Bull. 447 p 8-10.
Edwards, D. C. 1955.
Reviews of the progress of dairy science. Section A. Physiology of dairy
cattle. The biochemistry and microbiology of the rumen. J. Dairy Res.
22)232-250.
Ensor, u. |*| J. C. Shew and H. F. Tellechea. 1959.
Special diets for the production of low fet milk and more efficient gains
in body weight. J. Dairy Sci. 42t 189-191.
Eusebio, A. N., J. C. Shaw, E. C. Leffel, S. Lekehmanan and R. N. Doetsch. 1959.
Effect on rumen volatile fatty acids and rumen microbial dissimiletion
of glucose-C** of corn meal when fed exclusively and in combination with
hay or certain additives. J. Dairy Sci. 42 i 692-697.
Fisher, R., C. M. Gehrke, M. E. Muhrer and W. H. Pfender. 1957.
The TON of rations containing shelled, cracked, ground, and flaked corn
es determined with sheep. J. Animal Sci. 16x1093.
Fountain*, F. C. 1961*
The effect of milling treatment of milo on the production and composition
of milk. Unpublished data*
Fountains, F. C, D. B. Psrrish and F. W. Atkeson. 1949.
Comparison of the incidence and severity of mammary edema of cows fed
roughages alone or roughages plus grain during the dry period. J. Dairy
Sci. 32 » 721.
Gaines, W. L. 1928.
The energy basis of iueaautiag at III yield in dairy cows. 111. Agr. Expt.
Sta. Bull. 303 p 403-415.
Gray, F. V., and A. ?. Pilgrim. 1952.
Origins of the volatile fatty acids in the rumen. Nature I70t 375-376.
Greenhalgh, J. F. D., and Kit E. Gardner. 1958.
Effect of heavy concentrate feeding before calving upon lactation aad
mammary gland edema. J. Dairy Sci. 41 t 822-829.
Hastings. W. H., and G. D. Miller. 1961.
The effects of processing on biochemical changes in grains. Cereal Sci.
Today. 6(1) t 6-8.
Hathaway. H. D., W. J. Brakel, W. J. Tyznik, and H. £• Kaeser. 1957.
The effect of concentrate intake at calving time on physiological
activities with special emphasis on ketosis. J. Dairy Sci. 40t616.
Hanken, R. W., E. Gainer, and R. F. Davis. 1960.
Effect of kind and level of concentrates on udder edema. J. Dairy Sci.
43l 887-888.
Hentges, J. F. Jr., Marco Cabezas, A. 2. Palmer, and J. W. Carpenter. 1961.
Effect of ohysical form of corn on cattle response. J. Animal Sci.
20i933.
Keeney, M. 1955.
Direct chromatographic detenr.1 nation of C\ to C5 fatty acids In rumen
fluid. Misc. Pub. Md. Agr. Expt. Sta. 233 p 23-24.
Leffel, E. C, S. Lakshmanan, W. H. Brown and J. C. Shaw. 1956.
Tracer studies of volatile fatty acid production by rumen bacteria.
J. Animal Sci. 15t 1248-1249.
Leffel, E. C, and J. C. Shaw. 1957.
Studies on ketosis in dairy cattle. XXI. Effect of different levels of
protein and energy intake. J. Dairy Sci. 40t981-98t.
Masson, Marjorie. 1950.
Microscopic studies of the alimentary microorganisms of the sheep.
British J. Nutr. 4tVIII-IX.
23
Masson, M. J. 1931.
Micro-organisms and breakdown of foodstuffs in the alimentary tract.
Research A: 73-78.
:.<evland, H. ;•<., G. A. fcrsnaman, and Richard \i. Rice. 1960.
Heated corn and pelleted hay for fattening cattle. Mich. State Univ.
37th annual cattle feeders day. A. H. 58 p 1-4.
Newland, H. W., W. T. Kagee, G. A, Branaman, and L. H. Blakeslee. 1961.
Effect of heat-processing sad pelleting corn for steers and lambs.
J. Animal Sci. 20:944-945.
Parriah, D. B., G. H. Wise, J. S. Hughes, and F. W. Atkeson. 1948,
Properties of the colostrum of the dairy cow. II. Effect of prepartal
rations upon the nitrogenous constituents. J. Dairy Sci. 31:889-895.
Parrish, D. B., G. II. Wise, J. S. Hughes and F. W, Atkeson. 1950.
Properties of the colostrum of the dairy cow. V. Yield, specific
gravity and concentrations of total solids and its various components
of colostrum and early milk. J. Dairy Sci. 33:457-465.
Phillipson, A. T. 1952.
The fatty acids present in the rumen of lambs fed on a flaked maize
ration. British J. Hutr. 6: 190-198.
Popjak, G., T. H. French, and I. J. Folley. 1951.
Utilization of acetate for milk fat synthesis in the iactating goat.
Biochem. J. 48t 411-416.
Rook, J. A. F. 1959.
Milk composition in relation to rumen metabolism. Proc. Nutr. Soc.
I8tll7-123.
Rook, J. A. F., and C. C. Salch. 1961.
The effects of intraluminal infusions of acetic, propionic and butyric
acids on the yield and composition of the milk of the cow. British
J. nutr. 15* 361-369.
Rowland, S. J. 1938.
The determination of the nitrogen distribution in milk. J. Dairy
Research 9: 42-46.
Salsbury, R. L., J. A. Hoefer, and R. W. Luecke. 1961.
Effect of heating starch on its digestion by rumen microorganism.
J. Animal Sci. 20} 569-572.
Schmidt, G. H., and L. H. Schultz. 1959.
Effect of three levels of grain feeding during the dry period on the
incidence of ketosis, severity of udder edema, and subsequent milk
production of dairy cows. J. Dairy Sci. 42:170-179.
Shaw, .1. C, W. L. Snsor, H. F. Tellecheo, and S. D. Lee. I960.
Relation of diet to rumen volatile fatty acids, digestibility, efficiency
of gain and degree of unsaturation of body fat in steers.
J. Nutr. 71:203-208.
24
Shaw, J. C, .-Bid t. r. Leffel. 1949.
Distillers grains in prepartum and postpartum dairy rations. Proc. 4th
conf. on feeds of the grain dir.tillericB. Distillers feed rosearch
council* Cincinnati* p 46-50.
Shaw. J. C, E. C. Leffel, R. H. Doetsch, T. R. Levis, R. R. Robinson,
M. E. Senear, .Tnd W. H. Brown. 1957.
Ruminants metabolism on diets producing a low fat content milk. (Abstr.).
J. Dairy Sci. 40«635.
Shaw, J* C, S. R. Robinson, H. E. Sanger, S. Lakshttanan, and I. R. Levis. 1959.
Production of low fat milk. 1. Effect of quality and quantity of
concentrate on the volatile fetty scids of the xvc.m and on the
composition of the milk. J. ;lutr. 69»235-244.
Snedecor, G. W. 1956.
Statistical methods. 5th Sd. Iowa State Coil. Press, Ar.es, Iowa. 534 p.
; terry, J. E., and J. A. F. Rook. 1961.
Volatile fatty acid metabolism in the lactating cow, in relation to the
synthesis of milk constituents. Riochent. biophys. acta 48t 610-613.
Williamson, J. L., !i. fl. Geurin, J. C. Thompson, W. S. Tet«r, !>. ii. Hntchkiss,
H. L. Wilcke, and R. M. Bethke. 1961.
Pelleted low-roughage comolete .rations for steers. J. Animal Sci.
201956.
Wise, G. H., P. W. Atkeson, M. J. Caldwell, and J. S. Hughes. 1946.
Effect of the level of protein in the prepartum ration of dairy heifers
and cows on the degree of mammary edema. J. Animal Sci. 5x397.
25
26
Table 12* Body weight changes*
Cow J Dry period gains ;At calvlngt Lactation
<lb/ {dav^ (lb/day) (lb) (lb) (lb/toy)
Steamed sorghum group
103C 11 56 0.2 -152 -31 27 -1.1
179B 115 56 2.1 -170 -140 30 -4.7
167C 147 58 2.5 -139 -109 29 -3.8
362C 135 62 2.2 -112 -52 30 -1.7
224C in 56 3.0 -121 -107 29 -3.7
170C 176 61 2.9 -174 -48 27 •1.3
139C II 64 2.9 •249 •129 31 -4.2
22 7C 112 53 2.1 •33 -87 27 -3.2
337C 98 55 1.8 - :7 -69 28 -2.5
127C 59 2.4 •190 -176 27 -6.5
156C 169 62 2.7 -194 +5 28 +0.2
160C 134 61 2.2 •134 -27 28 -1.0
157C 115 64 1.3 -112 -113 27 -4.2
deed sorghum group
122C 173 60 2.9 -197 •104 25 -4.2
l:13B 326 61 5.3 -341 -43 29 -1.5
177C 142 60 2.4 -113 -57 30 -1.9
354C 71 54 1.3 -85 •1 u -2.8
1R 114 63 1.3 -109 -109 29 -3.8
171C 179 63 2.3 -165 -131 28 -4.7
159B 76 64 1.2 -165 -166 27 -6.1
223C 93 60 1.6 -89 -111 28 -4.0
360C 131 60 2.2 -65 -23 28
145C 174 63 2.8 -193 23 -1.9
176B 213 62 3.4 -302 -75 22 -3.4
im 142 60 2.4 -179 -77 26 -3.0
143C 92 49 1.9 -175 -53 29 -2.0
Table 13. Volatile fatty acids in rumen fluid.
• '""leecrc"——i—Frapiomc—i
—
myrTC"- 1 Valeric i
Cm acid : acid : acid t higher ai
(1) 8
PREEXPERIMENT
<$> (%)
Cracked sorghum group
122C 66.3 16.1 13.5 4.1
183B 70.6 14.0 11.7 3.7
177C 72.0 13.5 10.0 4.3
354C 61.0 18.5 13.2 7.3
1R 64.4 18.2 12.7 4.7
171C 61.3 17.8 13.9 7.0
159B 54.0 26.9 15.5 3.6
223C 65.6 18.5 12.9 3.0
360C 66.1 17.7 13.1 3.1
145C 57.6 21.3 14.6 6.5
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Tabid 13. (emit.) Volatile fatty acids in rumen fluid.
Gov
t Acetic
I acid
t Propionic >
: acid t
Butyric
acid
i Valerie and
t higher acids
1 V V
1761 63.3 17.6 15.6 3.3
159C 62.4 18.7 15.1 3.8
143C 68.6 16.3 12.0 2.6™ e* w
Stand sorghum group
103C 60.3 11.1 21.5 7.1* • *
179B 71.9 13-6 10.3 4.2
167C 66.7 12.1 6.7
362C 69.8 11.0 - 1 e ...
224C 67.3 14.1 12.8 5.8
170C 67.0 13.0 13.1 4.9
139C 64.8 16.4 13.5 5.3
22 7C 70.1 16.4 9.7 1.
337C 72.4 X -J • ** 7-7
12 7C 63.2 21.3 11.2 A 1
156C 66.4 18.4 12.9
160C 63.4 20.7 12. ft iij>
157C 64.7 17.4 13.6 A 1*+• J
AFTER CALVING
Cracked sorghum group
122C 60.2 15.3 15.1 OA•
183B 33.3 13.1 is.
a
7-6
177C 62.2 16.9 15.6 5.3
334C 70.1 15.6 10.1 4.2|4
II 65.9 17.7 13.5 2.9
171C 61.4 13.1 15.0 5.5
159B 63.8 19.7 12.9 3.6
223C 66.6 17.4 11.6 4.4— .* -
360C 63.9 18.2 15.
A
2.5
145C 64.6 17 9 2 S
176B 65.1 IAS 1j>j 2
159C 67.8 1 A R 1 A ft14.
O
9 A
<- *
143C 66.9 1 4 A10.< 14.1 a.o
mmi mi[hum group
103C 65.3 17 71 / . / in 11U.O & A••••
179B 69.1 1 S.Ii. J . 1 1 1 211 »
'
A A
167C 34.0 1 ft A A... | •
362C 63.3 17 71 # . / 10.1 9 O
224C 67.7 17.3 9.7 5.3
170C 76.2 13.1 5.4 5.3
139C 66.6 17.1 11.0 5.3
22 7C 70.8 16.1 10.7 2.4
337C 64.5 17.9 14.0 3.6
127C 64.8 17.2 16.4 1.6
156C 67.7 15.3 14.3 2.7
160C 69.2 17.6 3.4 4.8
137C 66.2 19.7 11.0 3.1
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Sorghum is grown extensively in the central and southern plains area of
the United States* Because of its drought resistance it produces more grain
in dry areas than corn. Recent studies with cattle and sheep have shown that
feeding heated grain results in increased body weight gain and feed efficiency*
Since one of the objectives of the dry period is the preparation of the cow
for the next lactation, a ration that produces the greatest body weight gain
is the most desirable*
experiment was conducted to study the body gains during the dry period
when cracked sorghum grain and alfalfa hay or steamed sorghum grain and alfalfa
hay were fed in the ratios of 0*3 lb grain to 1*5 lb hay per one hundred
pounds of body weight, respectively* Twenty-six cows of three breeds were
paired and assigned to two groups of thirteen cows each* Effects on volatile
fatty acids, composition and yield of colostrum and milk for the first 30 days
of lactation, incidence of udder edema and/or congestion, body weight changes,
and feed consumption were recorded*
Neither body weight gains during the dry period, weight lose at calving
time, nor loss during the first 30 days of lactation varied significantly
due to treatment.
No consistent significant differences were found in colostrum and milk
production, and production of the components, total solids, milk fat, solids*
not-fat, total protein, casein, albumin-globulin, non-protein nitrogen, ash,
and lactose. Cows fed cracked sorghum grain produced slgni ficatively less
(P<«03) ash in colostrum the first day and si gni ficatively more ash and
casein the second day and also statistically significant more ash and solids-
not-fat on the fourteenth day than did cows fed steamed sorghum grain during
the dry period*
The proportion of volatile fatty acids in the rumen fluid, the feed
consumption during the dry and lactation periods, nor degree of udder con-
gestion and/or edema did not differ significantly due to treatment.
From these results it may be concluded that no extra benefit is derived
from steaming sorghum grain over cracked sorghum grain for feeding dairy cov;s
during the dry period.
